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PHARMAC3?irnCAL FORMULATION COMPRISING AN ANTDJODY AND A CITRATE BUFlFHR 

The iavestioa relates generally to antibody formulatioiis sxxd particularly to stabilised 
antibody formuiations for storage and for therapeutic adminiscration. 

Purified preteins, particularly those produced using reeombiuaat DNA techrK>iogy are sow 
well estabUshed as phaixnaceutical agents. Such p3X>tdins do however present a range of 
problems associated with their stetbie formulation. Many protein preparations are 
particularly uiistabie ia dilute solutions and must be formulated in such a way as to prevent 
significant levels of deaatura^on, agglomeration or degradation. These problems are 
particiiiariy acute in the formulation of large proteins such as immunoglobulins. 
Imxnunogiobuiins or antibodies are knouTi to be prone to form aggregates and particuiates 
in solution and this has long provided special problems in generating suitable fomiuIatioriS 
for the storage and administmtion of therapeutic antibodies. Existing antibody formulations 
&equsRtiy require to be filtered before injection to ronove aggregates or particulate matter 
which ss iaasmvfaaient and tends to reduce the accuracy of the injected dose. 

Various attempts have been made to overcome the probl^s of antibody formulation: 

EP 0 D73 37! describes intravenously administrabie iramuaoglobuliii compositions which 
have tl^sif pH adjusted to 3.5 to 5,0 as proteins are known to be more stable at low pH. 
S«ch low pHs however tend to result in undesirable reactions at the site of injection . 

US 4650772 desmbes a method for stabilising thermally unstable monocional antibodies 
which requires the presence of 0.25% to 5% hydroiysed ovalbumin. The use of ovalbumin 
in pharmaceutical fbrmulatiot^ results ia the induction of an allergic response wliiclx 
prevents its effective use for repeated admimstradons. 

WO 90/1 1091 describes *e use of maltose and buffers in a iyophilised formulation of 
mbnoclonal antibodies. Lyophifisation is however an expensive process and the need to 
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resuspend the fomiulation prior to adraimstration adds to the complexity of the treamient 
regimen. It was suggested that citrate buffer may be used to buffer the pH at between 3.0 
and 6.0. 

The pres^fit inYexition provides a more siitjpis antibody formulation than those presently 
knowa, providing a fomiulatioj^i which is both suitable for administration and improved 
storage properties. Existing antibody formulations require the use both of a stabiliser and of 
a buffer. However antibodies in foimulations of fee preseet iaveatioa are stabilised only by 
citrate buSer isx a saline solution at a physiologically preferable pH. 

There is therefore providM according to the present invention, an isotonic phaiwaceutical 
fonnulatioa comprising an antibody and a buffer, wherein the antibody is presem at 
0.5mg/ml to lOmg/ml, the buffer is a citrate buffer present at 5mmol/1 to 20mmoyi and the 
pH of the formulation is 5.3 to 7.2. 

A citrate buffer for use m the preseat invsntiou may be generated by dissolution of Iree 
citric ^id or preferably a pharmaceutically acceptable salt of citrate, preferably a sodima 
salt. 

A formulation of the present invention may be generated by soiubUising the relevant 
antibody, preferably m s^e and adding an amount of citrate buffer necessary to obtain a 
pH of &e solution in the range 5.3 to 7.2. The cifrate buffer is preferably present at 
5mmol/l to 20mmol1. 

A ibnnuiatioR of the present invention may additionally coBtain other substances desir^ie 
for therapeutic sfScacy of the antibody e.g. chelators, or other therapeutic compounds 
desirable to be coformuiaied with the antibody but it is preferably substantially free of any 
additional compound Idaown for use in antibody stabilising e.g. Tween, mannitol or 
maltose. By 'substantially See* it is meant that such additional compounds knov-T for use in 
antibody stabilising formulations may not be present in fotmuiations of the present 
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invention, m m amount capable alotie or in combination with one or aiofs otfaea* stabuisers, 
of ha\'ing a stabilising effect upon an antibody in a fonnuiation. 

In preferred embodiments of the present invention citrate buffer is present in the 
fofiQiulation at 7.5minoyi to ISnunol/i and most preferably at lOmmol'l. Any 
phaimaceiitically acceptable cit3raite buffer may be used in tbe present invention but the 
citrate buffer is preferably sodium citrate. It is more preferable that sodium citrate 
dihydrate k used and most preferable that the citrate buffer be generated from a mixture of 
sodium citrate dihydrate and citric acid monohydrate. in the preferred embodiments of fee 
present invendon, the formulation contains £rt>out 2.4 mg/mi sodium citrate dihydrats and 
about 0.387 mg/mi citric acid moiiohydrate* 

The present invention is suitable for the formulation of any antibody or antibody firagment 
.Any reference to an antibody herein wiil be taken to include a fragment of such antibody. 
The antibody for use in a formulation of the present invention may be natural or 
reci33«biiiimt and may bs generated according to any knovm technique. Nstaral jjTitsbodiss 
may be tlioss isolated either by purification J&om body Quids or from cell lines and may be 
poiycloasi or monoclonal antibodies. Particuiariy preferred antibodies for use 'm 
formulations of the p^ent inventicm are recombinant antibodies produced from 
engineered cell lines. Such ceil lines will have been engineered to express the relevant 
antibody gene. The antibody gene may either be a human gene or a gene from another 
species which has been humamsed By modification of the nadvs sequence to prevent 
rejection when administered to a human, e.g. a humanised recombinMt antibody. The 
antibody is preferably an antibody directed against the human T cell surface receptor ICR 
yp 5.2.'5.3 (the method for constructing such an antibody is described in WO 95/16038 axid 
the description of such methods is hereby iiicorporated by reference) , and is more 
prefsrably an IgG, I'gGl or IgG/K. The antibody is most preferably the antibody produced 
by the cell line deposited on June 22, 1995 uiuier tlie Budapest treaty- as ATCC (CRl. 
1 1 949) [h^^sin this antibody is referred to as 1M21'] ot is one comprising the following 
TM27 Vk sequence; 
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1 DIQMTQSPSSLSASVGDRVTITCSASQGIS'NYLNWQQTFGKjyPKLLn^ 50 
51 TSSLHSGVPSRFSGSGSGTDYTFTISSLQPEDIATY\'CQQYSKLPRTFGQ 100 



101 GTKLQn 107, 



and further comprises an amino acid sequence selected from tlis group corssistiiig of the 
TM27 VH gnsino add sequence: 

! QVQLQESGPGLWSQTLSLTCTVSGFSLTAYGVNWYRQPPGRGLEWLGM 50 

51 iwgix}ntdynsalk:sr\™ocptsknqfslrlssvtaa^ iOO 



101 TATLy.\MDWGQGSLVTVSS 120. 



the TM27 VH sequence wherein amino acid residue 48 is replaced with isolsucine (I). 

ths TM27 VH sequence wherein smino acid residues 78 and 79 are valine (V) and 
phenylalanine (F), 

theTiSd27 VH sequence above 'wiserein amino acid residues 67 to 70 VTML are replaced 
with LSIS respectively arid amino acid 73 is an aspargiue (N), 

the TM27 VH sequence wherein amino acid residue 92 is an arginine (R). 

The present invention also provides for the tsse of formulations of the presetst invention iii 
medical therapy and particularly for the treatment of antoitnmune disease and ftsrther 
particuiariy in the therapy of multiple sclerosis. 
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In preferred embodiments of the preis«jt inveotion &e formulation iias a pH ia the range 
5,5 to 6.5 and is most preferably pH 5,5. The pH may be altered lisiag any 
pharmaoeatically acceptable acid or alkali. 

The formulation of the present invention may be prepared under as^tic conditions, leading 

to a stetiis fbnnuiation. 

The iavestionwill now be illustrated by reference to the following exampiss wlrlch ss"e is 
no way isstsaded to be limiting of the scope of the invention described herein. 
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EXAMPLES 

Tne antibody assayed in the foliowiiig examples is TM27 which is a humanised antibody 
(IgGi) produced in Chinese hamster ovary (CHO) cells by recombinaat tecteioiog>'\ 

The bulk batches of TM27 used were purified by protein-A affinity diromatogrsphy. 
The TM27 preparations were prepared from two different TM27 hoik soiudons. One was 
10.8 mg TM27 /ml in 10 mniol/1 ciSxate buffer pH 5.5 and the other was 11.0 mg TM27 /ml 
in 10 inmol/l phosphate buffssr pH 6.5. The bulk solutions had sodium chloride added to 
make tiisin isotonic. 

The TM27 preparations vised in this study were prepared imder asqjtic conditioris. The 
batches were protected from air witii nitrogm during the manofectaring and filling 
proce.?.?es. Eight batches with different compositions were prepared using the bii^s 
dsscribed- 

For tuanufscroriiig purposes, TM27 bulk solution was diluted with the appropriate buffer to 
a coacentratioa of 1 mg/'ml TM27 by gentle mixing, while avoiding foaming. The 
manufactured solutions were filtered through a sterile 0.22 fim MLIJEX-GV filter directly 
into 10 ml stmie glass viais. Filling was perfonned from the bottom of the vials xtndsr 
nitrogsn protection. 

The soktions were filled into 10 ml injection vials of neutral Type I glass (Ph Eitr), 1 
ffil'visl Bromobutyl rubber stoppers <FM 257) were used and ihe vials were sealed with 
aluminiusn capsules. 

The batches were stored under tiie following conditions: 4-5 °C/ambient humidity and -^-25 
''C/30 % relative himiidity. All the vials were stored upright All examples contain 
antibody at I mg/mi. 
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Example 1: lOnimol/I citrate, pH 5.5 amouBt (mg) 

Citric acid moaofaydrate for paranterai use 0,387 

Sodium citrate dihydrate for parenteral use 2.400 

5 Sodium chloride for aseptic preparation 8.4 

Water for iajection to i mi 

Example 2: S namol/l citrate ,pH 5.5 

Citric acid moaohydrate for pafenteral iKe 0.194 

Sodium citrate dihydrate for parenteral use 1 .200 

Sodium ciilorlde for as^ticpr^aration 8.69 

Water for mjection to 1 nil 

Exagfflls 3: 8 snn^ol^ citrate, pH 5.5 

Citric acid monohydrate &>v parenteral use 0.3 ! 0 

Sodiiaa citrate dihydrate for parenteral use 1 .920 

Sodium chioiids for aseptic preparatirai 8.52 

Water for injection to 1 mi 

Bxampie 4: 12 mmol/t citrate, pH 5.5 

Citric acid msnohydrate for parenteral use 0.464 

Sodium citrate dihydrate for parenteral use 2 . 8S 

SodiiJBi cMoride for asqptic pieparadon 8,28 

Water for injection to 1 ml 
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Example 5: 15 mmo!/l citrate, pH 5.5 



Citric acid monohydrate for parenteral use 0,58 1 

Sodium citrate dihydrats for parentsrai use 3.600 
Sodrain chloride for asqptic preparation 8.11 

Water for injsctioH to 1 ml 

Example 6: 18 nxml/l citrate, pH 5.5 

Citric acid monohydrate for parenteral use 0.697 

Sodium dirate dihydrate for parenteral use 4.320 
SodiiirscMdride for asqjtic preparation 7.93 

Water for injection to 1 ml 

Example 7: 20 mmol/I citrate, pH 5.5 

Citric acid monohydrate fisr par^iteral use 0.774 

Sodium citrate dihydrate fi)r parentsrai use 4.S00 
Sodiujtn chloride for aseptic preparation 7.S2 

Water for inj ection to 1 ml 

Examples (pH 5.5) 

Citric acid monohydrate for parenteral use 0,387 mg 

Sodiijsn citrate dihydrats for parenteral use 2.400 mg 

5 Sodium cMoride for asqjticprqpaiation 8.4 mg 
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Polysorbat 80 (Tweea 80) 
Water for injecdon 



0.2 mg 



to 1 ml 



5 The formulations were studied over a 24 month period. 

Tke results clearly showed that storage temperature, buffer composition and pH mfkeKCs 
the stabllitv- ox TM27. The best 3tabilit>' is acliieved at low storage teiiipsratxire '^C). 
The fbrmtiktions exemplified in examples 1-7 were stable for 24 months whereas the 
io Ibmulation in example 8 was stable for 12 months. 
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CLAIMS, 

1. As isotonic pharmaceutic^ formulation comprisir^ an IgG aatibody and a buffer, 
wbereiri the aiitibody is present at irom 0.5 mg/ml to 10 mg/mi, the buf&r is a citrate 
buff«ar present at 5nimol/l to 20mino1/l and the pH of the formulation is 5.3 to 7.2. 

2. A foimiilation according to claim 1, wherein the pH is 5,5 to 6.5. 

3. A formulation according to claim 1, wherein the pH is 5.5. 

4. A formulation according to any one of claims i to 3, wherein the citrate is present at 
7,5mmQl/l to 15mmoi/l . 

5. A fi)rmalation according to any one of claims 1 to 4, wherein the citrate is present at 
iOnanpin, 

6. A foimulation according to any one of claims I to 5, wherein the aatibody is an IgGl . 

7. A ibrmuMion according to claim 6, wherein the antibody is an IgGl/K. 

8. A formulation according to my one of the preceding claims, wherein the antibody is a 
recombinant aatibody, 

9. A ibtm^ilation according to claim 8, wherein the antibody is a humanised recombinant 

antibody. 

10. A fcrmulation according to claim 9, wherein the antibody is directed agaisst the huiaas 
T cell surface receptor TCR VP 5.2/5.3. 



W09mm9 ¥CT/SE99mm49 

n 

11 . A for??.uiation according to claim 10, wherein the antibody is produced by the cell iiae 
with the deposition nianber CRL 1 1949. 

1 2. A formulation according to claim 11, wherein the antibody comprises the TM27 Yx 
5 amino acid sequence; 

I DIQMTQS?SSLSASVGDRVTr^CSASQGIS^rVXNWyQQTPGKAPK^^ 50 

31 TSSLHSGVPSRFSGSGSGTDYTFTISSLQPEDIATYYCQQySKLPRTFGQ 100 

JO 

iOl GTKLQIT 107, 

and &rther comprises an amine acid sequence selected fiom the group consisting of the 
TM27 VH amino acid sequence: 

IS 

1 QVQLQESGPGLWSQTLSLTCTVSGFSLTAYGVNWVRQPPGRGLBmGM 50 

51 IWGDGNTDV]SSAiiJSRVTMUa>TSKKQFSLRI^S\TA^ 100 

20 101 TATLYAArfDYWGQGSLVTVSS 120, 

the TM27 YH sequ^ce wherein amino acid residue 48 is replaced with isoleucine (I), 

the TM27 VH sequence wherein amino acid residues 78 acd 79 are valine (V) m6, 
35 phenyialariae (F), 

feeTlvl27 VH sequence above wherein amino acid residues 67 to 70 VTML are replaced 
witb LSIS respeetivsly and amino acid 73 is an aspargine (N), 

30 the TM27 VH sequence wherein amino acid residue 92 is an srginine (R). 
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13. An isotonic phannaceutical fonnulation comprising the antibody TM27 aad s hxxfSct, 
wlisrsin the antibody is present at 0.5 mg/ml to 10 mg/ini, the buQer is a citrate buffer 
present at 5rmjiol''l to 20mmol/l and the pH of tibe fonnulation is 53 to 7.2. 

14. A foramlaiioa accordiag to any one of claims 1 to 13, which is a sterile formuiation, 

15. A process for ths preparation of an isotonic pharmaceutical formulation according to 
any one of ciaiiDS 1 to 14, comprising incorporation of the antibody in an isotonic 
medium wherein the antibody is present at from 0.5 mg,'ml to 10 rag/'ml, fee buffer is a 
citrate buffer present at §mmoi/i to 20nimo{/i and the pH of the formulation is 5.3 to 
7.2. 

1 6. A formulation according to any one of the previous claims, for use in medical therapy. 

17. A fonnulation according to any one of claims 1 to 14, for use in the therapy of an 
autoimmune disease. 

18. A fonnulation according to any one of claims 1 to 14, for use in the thers^y of mxiitiple 
sclerosis. 

19. Use of a formulation according to any one of cl^s 1 to 14, in the prepiaration of a 
medicament for use in the therapy of an autoimmune disease. 

20. Use of a fonnulation according to any one of claims i to 14, in the preparation of a 
medicament for use in the therapy of muMple sclerosis. 

21. A metlsod for improving the storage of an antibody comprising forraulatiag the 
. sntToody in a formulation as claimed in any one of claims 1 to 14, 
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22, A msiJipd according to claim 21, wherein the foiroElalion is stored at a temperature 
b€tv«^esn 4°C and 10°C, 



5 23 , A me&od according to claim 22, wheretE the tempemture is 5*C. 
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SSQOENGE LISTING 



<110> Luadquist, Toinas 
<12Q> Sequence Listing 
<130> 3S26/00000 
-<140>- OS/ 000, 000 

<150> 00/000,000 
<15i> 1398-11-24 

<160> 6 

<170> Patsntlzi Ver. 2.0 

<210> 1 

<aii> 107 

<212> PET 

<2i3> Airtifioial Setjuence 



i 
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<220> 

<223> D<3scriptioa of Artificial Sequences humanized 
•sioaocional antibody 

<400> 1 

Asp lis Gin Kat Thr Gin Ser ?rp Ser Ser Ueu Ser Ala Ser Val Gly 
15 10 15 

Asp Arg Vai Tte lie Tlir Cys Ser Ala Ser Gin Gly Xle Ser Asn Tyr 
20 25 3G 

Leii Ajsn Trp Tyr Gin Glii Thr Pro Gly Lys Ala ?ro Glu Lau Leu lie 
35 40 45 

Tyr Tyz- Tlir Ser Ser I-eu His Ser Gly Val iPro Ser Arg Phe Ser Giy 
50 55 60 

Ser Gly Ser Giy Tfar Asp Tyr Thr Phe Thr lie Ser Ser Leu GXn ?ro 
6S 70 75 80 



2 
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Glu Asp lie Ala Thr Tyr Tyr Cys Gin Gin Tyr Ser hys Leu Pro Arg 
85 30 95 

Thr Phe Gly Gin Gly Thr I,ys Leu Gin He Thr 
100 105 

•<ail> 120 
<212> ?T«' 

<213> Artificial Sequence: 
<:220> 

<323> Etescriptioa of Artificial Sequenca:hunsanized 
iiwnoclorial antibody 

<400> 2 

Gin V<il Qlp. Leu Gin SIu Ser Gly Pro Gly Leu Val Arg Pro Sar Gin 
15 10 15 
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Thr L<au Ssr Lsu rhr Cys "Thr Vai Ser Gly Phe Ser Le>a Thr Ala Tyr 
20 25 30 

Qly Vai Asn Tsrp Val Arg Gin ?ro Pro Gly Arg Gly Lati aiu Trp Leu 
35 40 45 

Giy Kec He Trp Gly Asp Gly Asn Thr Asp Tyr Asn Ser Ala Lau i,ys 
50 55 60 

Ser Arg Val Thr Met Leu Lys Asp T-hr Ser I,ys Asn Gin Phe Ser I<eu 
65 70 75 SO 

Arg Iiei! Ser Ser Val Thr Ala Ala Asp Thr Ala Vai 1'yr -Tyr Gys Ala 
85 90 S5 

Argr Asp Arg Val Thr Ala Thr Leu Tyr Ala Met Aisp Tyr Trp Gly Gin 
100 105 110 

Gly S®r Ifsu Val Thr Vai Ser Ser 
lis 120 
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<211> 120 
<212> PRT 

<213> Artificial Ssguence 
<220> 

<223> Description of Artificial Sequence ;htiiaani zed 
Biorsoolonal antibody 

<400> 3 

Gin Val c-ln I;eu Gift Glu Ser Gly Pro Giy Levi Val Arg Pro Ser Gin 
- 5 . iG 15 

Thr L&Vl Ssr I^eu Thr Cys Thr Val Ser Gly ?he Ser Lsa Thr Ala Tyr 
20 25 30 

CSiy Val Aan Trp Vai Arg Gin Pro Pro Gly Arg Gly ueu Giu Trp lie 
.35 40 45 

Gly Met Il« Txp Gly Asp Gly Asn Thir Asp Tyr Asn Sex Ala h&a Lys 
50 55 60 
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r Met Leu Lys Asp Thr Ser Vys Asn Gin Phe Ser Lbxi 
70 75 80 

Arg Lsu S«r Sar Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Ci'S Ala 
83 90 95 

Arg A35> Arg Val Thr Ala Thr IJeu -Tyr Ala Met Asp Tyr Trp Giy Gin 
100 105 110 

Giy Ser Leu Val Thr Val Ser Ser 
115 120 

<210> 4 
<211> 120 
<2X2> ?RT 

<2i3> Ari;i£ic.ial Sequence 

<220> 

<223> Descripsion of Artificial Sequence: humanised 
inonoclonal iJiitibody 



65 
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<400> 4 

Gin. Val Gin Leu Qln Giii Ser Gly Pro Gly Leu Val Arg Pro Ser Gin 
1 5 10 15 

•Thr Umi Ser L-au Thr Cys Thr Val Ser Qly ?he Ser Leu Thx Ala Tyr 
20 2S 30 

Gly Val Asn Tjrp Val Arg Gin Pro Pro Giy Arg Qly Leu Giu "Trp Leu 
35 40 43 

Gly Met lis Tvp Gly Asp Gly Asn Thr Asp Tyr Asn Ser Ala Leu Lys 
50 55 60 

Ser Azg Val I'hr Ksc Leu Lys Asp Thr Ser hys Asn Sin Val Phe Leu 
65 70 75 80 

Arg Leu Ssr Ser Val Thr Ala Ala Asp Ttir Ala Val Tyr Tyr Cys Ala 
35 SO 95 

Arg Asp i\rg Val Thr Ala Thr Leu Tyr Ala Met Asp Tyr Trp Gly Gin 
100 105 110 
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Gly Sar Leu Val Thr Val 3er Ser 
115 120 

<2I0> 5 
<2il> 120 
<212> mT 

<213> Artificial Sequence 
<220> 

<223> D«seriptioii of Artificial Sacauencs : humanized 
stsonoclonal antibody 

<400> S 

Gin Val Gin I<eu Gin Glu Ser Gly ?ro Gly hev. Val Arg Pro Ser Glxs 
i 5 10 15 

Thr Lew Sar Ley Thr Cys Thr Val Ser Gly Ehe Ser Leu Thr Ala Tyf 
20 25 30 
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Giy Val Asrs. Trp Val Arg Gin Pro Pro Giy Arg Gly Leu Glu Trp Leu 
35 40 45 

Giy Met lie Trp Giy Asp Gly Asn Thr Asp Tyr Aan Ser Ala l>eu Lys 
50 55 60 

Ser Arg Leu Ser Sis Ser Lys Asp Asn Ser Lys Asn Gin She Ser Leu 
S5 7Q 75 eO 

Arsr Iifsu Ser Ser Val Thr Ala Ala Asp Thr Ala Vai Tyr Tyr Cys Ala 
85 90 

Arg Asp Arg Val Thr Ala Thr ijeu. Tyr Ala Met Asp Tyr Trp Gly Gin 
lOQ 105 110 

G-ly Ser Lsu Val Thr Val Ser Ser 
iI5 120 



<210> 6 
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<2li> Artificial Seguence 



<220> 

<223> Cescriptioii of Artificial Sequence :huitsarii zed 
fiionosiorxal antibody 

<400> 6 

Gin Val Gin Gin Glu Ser Gly Pro Giy Leu Val Arg Pro Sar Qln 

1 5 10 15 

Thr Leu Ser l/exs Thr Cys Thr Val Ser Gly Phe Ser Leu Thr Ale Tyr 
20 25 30 

Gly Vixl Asn Trp Val Arg Gin Pro Pro Gly Arg Gly hB\x Glu Trp Lau 
35 40 45 

Sly Ksu Il« -Trp Gly Asp Gly Asn Thr Asp Tyr Asn Ser Ala Leu Lyis 
SO 55 50 

Ser Arg Val Thr Met Leu Lys Asp Thr Ser Lys Asa Gin Phe Ser Leu 
55 70 75 SO 
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wo 99/37329 PCT/SE99/00049 
Arg Leii Sar Ser Val Thr Ala Aia Asp Thr Ala Arg Tyr Tyr Cys Ala 



Arg Asp Arg Vai Thr Ala Thr LcU Tyr Ala Jiet Asp Tyr Trp Gly Gift 
iOC 105 110 



Oiy Ser teu Val Thr Val Ser Ser 
115 120 
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